INTRODUCTION
Throughout the year, many animals undertake migratory movements between their summer breeding and winter foraging areas. These movements are driven by multiple factors, including a need to reduce competition during specific stages of the annual cycle, exploit seasonally suitable habitats, and/or maintain fidelity to breeding sites (reviewed in Hedenström 1998, Winger et al. 2019) . During migration animals experience significant constraints on the amount of time and energy expended (Alerstam and Hedenström 1998) . To date, much research has focused on optimal migration theory to provide a framework for understanding the strategies that animals use to reduce the cost of migration and increase fitness Alerstam 1997, Alerstam and Hedenström 1998) . The two most commonly considered migration strategies are those that minimize either the time or energy spent during migration. Timeminimizing migrants reduce the total migration time by acquiring large fuel loads through long stopovers at a few sites and undertaking longer, rapid, and direct movements, possibly across large areas of unsuitable habitat that may otherwise act as barriers (Alerstam and Hedenström 1998) . In contrast, energyminimizing migrants reduce the total energy spent during migration and as such, the amount of fuel carried (Hedenström and Alerstam 1997) . These migrants undertake shorter, slower movements, but use more stopover sites for shorter periods of time (Alerstam and Hedenström 1998) , and typically, have longer and more circuitous migration paths (Hedenström and Alerstam 1997) . In reality, these extremes exist along a continuum, and species may use aspects of both time and energy minimizing strategies, depending on factors such as sex, migration distance, and season (Farmer and Wiens 1999 , Warnock et al. 2004 , Miller et al. 2016 .
A fly-and-forage migration strategy can be used by species that also employ time or energy minimizing strategies (Alerstam 2011) . While undertaking migratory flights, fly-and-forage migrants locate suitable prey midflight that they either consume on the ground (e.g., Osprey Pandion haliaetus, Strandberg and Alerstam 2007; Eurasian Hobbies Falco subbuteo, Strandberg et al. 2009 ; American Crow Corvus brachyrhynchos, Ward and Raim 2011) or on the wing (e.g., Common Swift Apus apus, Åkesson et al. 2012; Nathusius's bat Pipistrellus nathusii, Šuba et al. 2012) . The latter group (aerial foragers) primarily consume flying insects. This strategy reduces the need to locate suitable stopover sites because individuals refuel continually throughout their migration. In birds, a fly-and-forage strategy is more common among diurnal migrants Alerstam 2007, Alerstam 2009 ).
Our ability to categorize the migration strategies of smaller bird species, and determine how these strategies vary within a species, is constrained by our ability to track individuals through time. At present, the available tracking devices include geolocators, archival GPS tags, and radio-telemetry all of which have strengths and weaknesses. The former two are limited by the return rates of individuals equipped with the devices, which is low in some highly aerial species (Costantini and Møller 2013, Morganti et al. 2018) , and, for geolocators, the scale (± 200 km) at which movements can be tracked does not provide sufficient information about departure bearings, stopover duration, and travel speeds, all of which are important for assessing migratory strategies. Automated radio-telemetry, e.g., the Motus Wildlife Tracking System can alleviate some of these issues by providing insight into the movements of tagged birds at a finer scale (± 15 km), allowing for more accurate estimates of bearings, stopover duration, and travel speeds where automated receiving stations are available.
Swallow (Family Hirundinidae) migration is relatively poorly studied. Indeed, the only measures of migration speeds that we are aware of were based on the recapture of two banded Barn Swallows Hirundo rustica that travelled 320 and 433 km/day (Turner 2004) . Because these aerial foragers migrate during the day (Imlay and Taylor, in press) , it seems likely that they employ a fly-and-forage migratory strategy. But it is not clear whether foraging occurs at specific sites or continually during migratory flights. A fly-and-forage migration strategy may have added benefits for these species because it would reduce the need to carry large fuel loads that can result in disproportionately lower travel speeds, particularly in species with such streamlined body plans (Alerstam and Hedenström 1998 , but see Kvist et al. 2001) .
We tracked the fall migratory movements of Bank Swallows Riparia riparia from several colonies in southern New Brunswick, Canada using the Motus Wildlife Tracking System. We predicted that if this species uses a fly-and-forage strategy, then migration routes would be directed toward their winter range (throughout southern Brazil to northern Argentina; Imlay et al. 2018) with slow travel speeds due to frequent stopovers.
METHODS

Capture and tagging
In June and July 2014 and 2015, we captured adult Bank Swallows (25 and 44, respectively) in tube-traps and mist-nets at three adjacent breeding colonies along the Tantramar River in New Brunswick, Canada (45.8964°, -64.3447°; Fig. 1 ), one in 2014 and two different colonies in 2015. We attached 0.29 g NTQB-1-1 VHF nanotags from Lotek Wireless Inc., Newmarket, Ontario to these adults by gluing the tags to trimmed feathers on the bird's lower back (Raim 1978) . The minimum battery life of these tags (i.e., ~80% of estimated battery life) was estimated at 33 days and each tag had a burst interval of ~10 s. These tags were largely deployed during the late incubation period and given their limited battery life, we considered that many may cease transmitting before individual initiated migration.
Fig. 1. Locations of breeding colonies where Bank Swallows
Riparia riparia were captured and tagged during each year of this study, and Motus Wildlife Tracking System receiving stations around breeding colonies. Detections at stations within 2 km of the closest breeding colony were considered to represent individuals at the breeding colony.
In July 2018, we captured 19 adult bank swallows in mist-nets at two breeding colonies in New Brunswick, Canada, including the same colony along the Tantramar River where individuals were tagged in 2014 and another location near Shediac (46.2388°, -64.4910°; Fig. 1 ). We attached 0.35 g NTQB-2-2 VHF nanotags using a leg-loop harness made with an elastic thread (Rappole and Tipton 1991) . The minimum battery life of these tags was estimated at 139 days and each tag had a burst interval of ~35 s. The specific timing during the breeding season of these deployments was unknown but thought to coincide with the nestling period.
To minimize potential effects of tagging on behavior and survival, we used tag attachment methods that are thought to result in the loss of the tag shortly after the battery has died (Barron et al. 2010 , Brlík et al. 2020 . In 2014 and 2015, the glue-on attachment used was estimated to last for 5-40 days (Sykes et al. 1990 , Johnson et al. 1991 , Bowman et al. 2002 , Mong and Sandercock 2007 , Diemer et al. 2014 , and, in 2018, the leg-loop harness was estimated to last for ~100 days (Streby et al. 2014 ).
All individuals captured were also banded with a uniquely numbered Canadian Wildlife Service aluminum band. Sex was determined by the presence of a brood patch or cloacal protuberance.
Automated telemetry array
In each study year we set up a Motus receiving station with an omni-directional antenna and a SensorGnome (https://www. sensorgnome.org/) within 100 m of the colony (Fig. 1 ). Also, in 2014 and 2015 we set up additional Motus receiving stations approximately 2 km from the breeding colonies (see Saldanha 2016 for more details). These omni-directional antennas had an estimated range of up to 500 m . Because individuals were often simultaneously detected at two or more of these stations, we assumed these detections indicated that individuals were at the breeding colony.
Bank Swallows were also detected at Motus receiving stations situated throughout North and Central America. These receiving stations are equipped with one or more omni-directional or Yagi antennas and either a Lotek SRX/DX receiver or SensorGnome . Receiving stations with long-range antennas (e.g., 9-element Yagi) have a detection range of up to ~15 km . The placement and number of receiving stations throughout this area varied by year ( Fig. A1 .1); during the period of times our tags were active, there were 152 active receiving stations in 2014, 289 in 2015, and 509 in 2018. The data included in this manuscript was uploaded and processed by Motus on or before 30 April 2019.
Data processing
Using the raw detection data from the Motus Wildlife Tracking System, we removed any detections that were likely false detections and did not actually reflect the movements of tagged individuals. These false detections were often short runs, i.e., two or three detections of a tag at a receiver within a short period of time, and were outside the likely migratory range of this population, such as throughout western Canada and the western United States of America. Furthermore, false detections were not consistent with detections of the individual at other Motus receiving stations during migration. For example, one tag was detected twice (run length = 2) at a receiving station in northern Ontario between multiple detections (run lengths = 2-99) at two receivers within 700 km of one another along the Atlantic coast; we therefore determined the northern Ontario detections were false and removed them from the dataset.
Using the filtered detections, we identified the location and time the individual was at a receiver away from its breeding colony. We used the coordinates of the Motus receiving station that detected an individual as its location at that time. The error in these locations depends on many things, but mainly the type of antenna, so we crudely estimate them to be approximately half their respective maximum detection ranges (0.25 km for omnidirectional antennas and 7.5 km for 9 element Yagi antennas). To determine a detection time for each individual, we averaged the time of the detection with highest signal strength, which is approximately when the individual was closest to the tower, from all detections within 5 min of one another at all of the antennas at a given receiving station (Mitchell et al. 2015 ).
Data analysis
Timing of departure
As in Smetzer et al. (2017) , we considered the date of the last detection of an individual at the colony to be the departure date.
To determine if there were differences in departure date between sexes or across years, we fit a linear mixed model with breeding colony as a random intercept. We compared single order models with all combinations of these two variables, i.e., sex, year, and sex + year, as well as the null model with only the random intercept for breeding colony.
Initial migratory departure bearings
We consider the initial migratory pathway of individuals departing from their breeding colonies as those movements that occur within seven days after the last detection at the breeding colony. To describe these pathways, we calculated the bearing between the colony and the first receiving station where individuals were detected after departure. For individuals detected at more than one receiving station during this time, we also calculated the bearing between the breeding colony and the last receiving station they were detected at within the seven day window after departure. We excluded detections at receiving stations within ~15 km of the breeding colony because their overlapping detection ranges could result in erroneous bearings.
To determine if departure bearings are oriented in a consistent direction, we conducted a Rayleigh Test of Uniformity. If the departure bearings are, collectively, oriented in a direction consistent with migration routes, then we consider this to be evidence that we capture migratory, instead of postbreeding, movements.
Migratory movements
We consider movements further than 100 km from the breeding colony to be indicative of broader, landscape-level migratory movements. To describe these, we mapped all detections of each individual and determined the amount of time individuals spent at specific receiving stations. Most individuals were only detected at a station on a single day for a short period of time (mean amount of time between first and last detection: 43.4 ± 15.0 min, median = 7.8 min); these individuals were considered to have flown past the receiver, likely during active migration. When an individual was detected on two consecutive days at the same station, and the solar elevation was < 12° during the evening of the first day and the morning of the second day, i.e., between dusk and dawn, then we considered that the individual likely roosted near the receiving station. Individuals that were detected at a single site on two or more consecutive daylight periods, were classified as stopovers.
Pace of migratory movements
To determine the pace of migratory movements, we calculated travel speeds between receiving stations by measuring the greatcircle distance using the Vincenty (1975) formula between locations and divided by the time between detections. Because Bank Swallows are diurnal migrants (Imlay and Taylor, in press) we only included daylight hours in our calculation of the time between receiving stations. Therefore, for movements that spanned two or more days, we subtracted the total time between sunset and sunrise, i.e., the duration of the night when bank swallows roost, at the latitude midway between receiving stations from the total time spent travelling between receiving stations. As with McKinnon et al. (2016) , our estimates of travel speed reflect the overall migratory pace between receiving stations. For same day detections, this metric is similar to how ground speeds are measured in radar studies. For the purposes of this analysis, we removed any estimates of travel speeds between receiving stations < 20 km apart because these may have been the result of simultaneous or near simultaneous detections, i.e., < 5 minutes, and as such produce erroneously high travel speeds.
To determine if the travel speeds of individuals between receiving stations was consistent with migratory flights, i.e., no stopovers between most detections, we used a generalized linear mixed effects model with a gamma distribution and a logarithmic link function to examine the relationship between travel speed and time between detections (centered and scaled). This model included individual ID as a random intercept. We also considered that this relationship could vary with sex and whether consecutive detections were on the same or different days; we refer to the later variable as "S/D day." Therefore, we added all possible combinations of those covariates, i.e., sex, S/D day, and sex + S/ D day, to the base model, and included a model with just the random intercept.
For model selection, i.e., departure date and travel speeds, we identified the top models with a cumulative AIC weight (w i ) of at least 0.90, and used a conditional model averaging approach, i.e., coefficients are only averaged across models where they are present (Table 1 ). If the top models included a variable where confidence interval spanned zero, then we simply state that the variable was important, but we could not determine the direction of the relationship. We assessed all models for their fit by examining residual plots. All analyses were conducted in R version 3.5.1 (R Core Team 2018), with the CircStats, geosphere (Hijmans 2018), lme4 (Bates et al. 2015) , lmerTest (Kuznetsova et al. 2017) , motus (Brzustowski and Lepage 2018) , and MuMIn (Barton 2016) packages.
RESULTS
Timing of departure
Bank Swallows left their breeding sites between 3 July and 17 August (Fig. 2) . Although year and sex were included in top models (Table 2) , we lacked sufficient data to determine whether departure dates were earlier or later in 2015 and 2018 compared to 2014 (β 2015 = 7.02, 95% CI = -9.67, 23.74 and β 2018 = 2.92, 95% CI = -14. 06, 19.90, respectively) or between the sexes (β m = -0.55, 95% CI = -4.68, 3.58). 
Departure bearing
After departing from their breeding colonies, most individuals detected > 100 km away within 7 days (21/30; 70.0%) had moved southwest or west (Fig. 3) . Moreover, six of the nine (66.7%) that initially departed in a different direction (north, east, or south) were ultimately oriented in a southwest to westerly direction by the time of their last detection during that seven-day window. Departure bearings for each of the three groups were significantly oriented in a consistent direction ( first = 0.60, p = 0.002; last = 0.91, p < 0.001; only = 0.87, p < 0.001).
Fig. 3. Bearings and distance between the breeding colony and the first Motus receiving station
where Bank Swallows Riparia riparia were detected after departing from their breeding colonies. North is indicated by 0°. 25 Pace of postdeparture movements 6 13 11 30 † We excluded three individuals (one in 2015 and two in 2018) that either died, lost their tag, or their tag failed shortly after deployment, and six individuals (one in 2014 and five in 2015) where the individuals remained at the colony beyond the expected battery life of their tag (i.e., 33 days).
Postdeparture movements
After departing from their breeding colonies, the early migratory movements of most Bank Swallows (21/25; 84.0%) were along or slightly inland from the Atlantic coast in northeastern North America, including detections in southeastern New Brunswick and through eastern parts of Maine, New Hampshire, Massachusetts, Rhode Island, New York, New Jersey, and Delaware (Fig. 4) . The remaining four individuals made movements that were not, at least initially, consistent with this coastal migratory pathway (Fig. A1.2) . Three individuals initially travelled east or south into Nova Scotia. One was detected along the northern shore before returning to New Brunswick and being detected at three receiving stations along the Atlantic Coast in Maine, Massachusetts, and then southeastern Pennsylvania. The other two were detected along the shore of the Minas Basin. One of these individuals was later detected at four receiving stations along the Atlantic coast in New Hampshire and then Massachusetts, while the other individual returned to eastern New Brunswick before moving west to eastern Ontario, northwestern Two individuals were detected south of 39°N (Fig. 4) . The first was detected at a receiving station in eastern New Jersey before being detected along the Gulf coast of Florida on 5 September 2019. The second was not detected after leaving New Brunswick until Louisiana when it was first detected on 19 September 2019. The lack of detections between these locations makes it difficult to determine this individual's fall migratory movements through northeastern North America. However, given the high density of receiving stations along the Atlantic coast, it seems likely this individual used an inland route. This individual was also detected again in northwestern Colombia on 16 October 2019, suggesting that it either circumnavigated the Gulf of Mexico, or crossed from U.S. states along the northern periphery of the Gulf of Mexico to the Yucatan Peninsula, Mexico and then continued further south.
Depending on their departure date, Bank Swallows were detected migrating through the northeastern USA in July through September (Fig. 4) . Like we observed for their departure bearing above, the movements of Bank Swallows throughout the northeastern USA continued to follow a southwest direction.
Finally, 97/112 (86.6%) detections were considered fly-bys, indicating active migration. The remaining 15 detections were at receiving stations for two or more days, indicating a stopover. This included three (2.7%) incidents where Bank Swallows likely roosted near the receiving station, and 12 (10.7%) stopovers with a mean duration of 5.2 ± 1.2 days.
Pace of postdeparture movements
For same day detections, the mean travel speeds for female and male Bank Swallows were 5.4 ± 1.0 m/s (n = 13) and 6.9 ± 0.8 m/ s (n = 8), respectively. For these detections, the mean distance between receiving stations was 69.9 ± 21.1 km and 32.9 ± 5.4 km, respectively.
The pace of Bank Swallow movements was highly variable (Fig.  5 ). However, travel speeds declined as the number of daylight hours between detections increased (β = -0.60, 95% CID = -0.76, -0.43) and when detections occurred on different days, compared to same day detections (β = -0.40, 95% CI = -0.78, -0.01). Travel speeds were slower for females, compared to males (β m = 0.68, 95% CI = 0.32, 1.05). 
DISCUSSION
Most individuals from the northeastern population of Bank Swallows we studied departed from their breeding colonies between late July to early August. After departing, Bank Swallows travelled along a southwest to west trajectory, which they maintained through the northeastern part of their primary migratory path along the eastern seaboard of North America. During this time, the pace of movement was slower than the observed ground speeds for other migratory passerines (e.g., Nilsson et al. 2014 , Mitchell et al. 2015 , suggesting multiple stopovers during these flights. Males travelled faster than females.
Bank Swallows travel in straight paths during migration Alerstam 1997, Miller et al. 2016) . The departure bearing exhibited by most Bank Swallows suggests that after these individuals leave, they begin travelling in a direction consistent with their migratory routes with little support for broad-scale postbreeding movements, at least in the areas covered by the Motus network. This is in contrast to other passerine species tracked during fall migration in this region that have more extensive postbreeding movements throughout the northeast (e.g., Blackpoll Warbler Setophaga striata, Red-eyed Vireo Vireo olivaceus, Taylor 2015, Smetzer and King 2018) .
Like a fly-and-forage migrant, the pace of migratory movements in Bank Swallows slowed with increasing time between detections, and even same-day detections suggest Bank Swallow travel speeds are slower than other migrants (e.g., Nilsson et al. 2013 , Mitchell et al. 2015 . Such a pattern would result from a species that is actively refueling during migration. Refueling in this species likely occurs at stopover sites during migration and may also occur during migratory flights. This fly-and-forage strategy is used by other aerial foragers (e.g., Common Swift, Åkesson et al. 2012; Nathusius's bat, Šuba et al. 2012 ) allowing them to constantly refuel. It may also have the added benefit of allowing these species to undertake more direct migratory routes and consistent migratory bearings (like those seen in time-minimizing migrants) as they do not need to locate suitable stopover sites for refueling. Instead, these species forage on aerial insects that are presumably widely available throughout the region.
Male Bank Swallows had faster travel speeds than females. Sexbased differences in migratory timing have been attributed to faster refueling rates for males compared to females (Seewagen et al. 2013 , Hays et al. 2018 , but see Morbey et al. 2018) . This result could be partly due to physiological differences between the sexes or differences in habitat selection at roost or stopover sites. Thus, if male Bank Swallows refuel more quickly than females, it could result in the faster travel speeds we observe. Alternatively, if the sexes select different weather conditions for migratory flights (Morganti et al. 2011 ), then we would also see sex-related differences in travel speeds. Such differences in travel speeds may also be driven by a need to reduce intraspecific competition during migration (Ellegren 1991, Jakubas and Wojczulanis-Jakubas 2010) . We cannot rule out this possibility, although the lack of sexbased differences in departure dates (e.g., Jakubas and Wojczulanis-Jakubas 2010) suggests it is unlikely. Finally, observed differences in travel speed could represent a carry-over effect from the breeding season. If female body condition is lower than males after breeding, then females may require more frequent stopovers than males, reducing their migration pace.
Our work was limited by several factors. First, the array of Motus receiving stations in any given year of our study, and the range of these receivers (~15 km), makes it difficult to determine movements for orientation and exploration of nearby areas if they were short (< 15 km) or in a direction not covered by the network. This hampered our ability to confirm that initial migratory movements did not occur to the northwest of breeding colonies located in Tantramar River and our ability to detect individuals using inland migratory routes. Second, the battery life of tags deployed in 2014 and 2015 was shorter than those used in 2018, thus minimizing our inference about fall migration routes south of the northeastern USA.
Conservation implications
Bank Swallows are experiencing steep declines throughout their breeding range (Sauer et al. 2017) . Conservation efforts to address these declines may include ensuring that there is suitable habitat during migration. Because this species does not appear to rely on specific sites for refuelling during migration (e.g., Gómez et al. 2017 , Van Loon et al. 2017 , we suggest that protection of migratory habitat should include a broad network of suitable habitats throughout their migratory range (Iverson et al. 1996 , Mehlman et al. 2005 , Poiani et al. 2006 as well as efforts to maintain ecological processes and habitats, coupled with anthropogenic land uses, within a landscape mosaic (Wiens 1994) . Specifically, for Bank Swallows and other aerial foragers that use a fly-and-forage migration strategy, this includes management to provide broadly distributed foraging areas with an abundant or predictable supply of aerial insects. Properly managed, a habitat mosaic allows for the frequent foraging and variable stopover site use by this and other species of aerial foragers.
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